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(57) ABSTRACT

Ear buds may have sensors to gather orientation information
such as accelerometer measurements during user move-
ments. A host electronic device may communicate wire-
lessly with the ear buds and may form part of an ear bud
system that supplies the user with coaching and feedback
while evaluating user performance of a head movement
routine or other exercise routine. During operation, the ear
buds may gather accelerometer data in a first reference frame
such as a reference frame associated with the ear buds and
may use a rotation matrix to rotate the data in the first
reference frame into a second reference frame such as a
neutral reference frame with a fixed orientation to the earth.
The data in the neutral reference frame may be analyzed
using a user head pose look-up table to categorize measured
user head positions as corresponding to respective user head
poses.
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WIRELESS EAR BUD SYSTEM WITH POSE
DETECTION

[0001] This application is a continuation of application
Ser. No. 16/897,524, filed Jun. 10, 2020, which is a con-
tinuation of application Ser. No. 16/364,776, filed Mar. 26,
2019, which is a division of application Ser. No. 15/914,554,
filed Mar. 7, 2018, which claims the benefit of provisional
patent application No. 62/480,214, filed Mar. 31, 2017,
which are hereby incorporated by reference herein in their
entireties.

BACKGROUND

[0002] This relates generally to electronic devices, and,
more particularly, to wearable electronic devices such as ear
buds.

[0003] Electronic devices such as laptop computers and
cellular telephones are popular portable devices. Wearable
devices such as wristwatch devices and ear buds can provide
enhanced freedom of movement. For example, wireless ear
buds can be used to play audio content for a user of an
electronic device such as a cellular telephone or computer
without cumbersome cables.

[0004] It would therefore desirable to be able to provide
improved wearable electronic devices such as improved
wireless ear buds.

SUMMARY

[0005] A system is provided in which electronic equip-
ment such as ear buds are used to provide audio information
to a user while using orientation sensors such as acceler-
ometers to gather orientation information. A host electronic
device may communicate wirelessly with the ear buds.
During operation, the ear buds may be used to provide a user
with exercise routine coaching such as audible instructions
while a user is performing an exercise routine such as a head
movement routine. The head movement routine may
involve, for example, moving the user’s head into a
sequence of predefined head poses (e.g., left tilt, forward tilt,
right tilt, and back tilt).

[0006] While being coached, the ear buds may gather
accelerometer data in a first reference frame such as a
reference frame associated with the ear buds and may use a
rotation matrix to rotate the data in the first reference frame
into a second reference frame such as a neutral reference
frame. The data in the neutral reference frame may be
analyzed using a user head pose look-up table with threshold
accelerometer values for different head poses to categorize
the data as corresponding to respective user head poses.
[0007] Feedback such as audible feedback may be pro-
vided to a user based on evaluation of user performance of
the head movement routine. Other suitable actions may be
taken such as issuing performance reports and alerts. If
desired, additional sensors may be used in gathering orien-
tation data during user movement routines and additional
evaluation, guidance, and feedback operations may be per-
formed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a schematic diagram of an illustrative
system including electronic equipment that communicates
wirelessly with wearable electronic devices such as wireless
ear buds in accordance with an embodiment.
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[0009] FIG. 2 is a perspective view of an illustrative ear
bud in accordance with an embodiment.

[0010] FIG. 3 is a side view of an illustrative ear bud
located in an ear of a user in accordance with an embodi-
ment.

[0011] FIG. 4 is a graph of illustrative ear bud accelerom-
eter output signals gathered while a user is performing a
head pose in accordance with an embodiment.

[0012] FIG. 5 is a flow chart of illustrative operations
involved in calibrating an ear bud orientation sensor in
accordance with an embodiment.

[0013] FIG. 6 is a flow chart of illustrative operations
involved in operating a system with wireless ear buds that
include orientation sensor circuitry such as accelerometer
circuitry in accordance with an embodiment.

[0014] FIG. 7 is a flow chart of illustrative steps involved
in using a system having wearable electronic devices such as
wireless ear buds in accordance with an embodiment.

DETAILED DESCRIPTION

[0015] Wearable electronic devices such as ear buds may
be used to gather information on the behavior of a user. For
example, ear buds may include sensors such as orientation
sensors that gather information on the orientation of a user’s
head. In some scenarios, the ear buds may form part of a
system that uses the orientation information or other sensor
information from the ear buds. For example, ear bud sensor
data may be used in a system in which ear buds communi-
cate wirelessly with a host device.

[0016] An illustrative system of the type that may include
wearable electronic equipment such as one or more ear buds
is shown in FIG. 1. As shown in FIG. 1, system 8 may
include one or more host devices such as host device 10 and
one or more wearable devices such as ear buds 24. Host
electronic device 10 of FIG. 1 may be a cellular telephone,
may be a computer, may be a wristwatch device, may be a
head-mounted display device, may be other wearable equip-
ment, may be part of an embedded system (e.g., a system in
a plane or vehicle), may be part of a home network, may be
a television or set-top box, may be a voice-controlled
assistant device, may be a portable device or a device that is
not portable, may be other suitable electronic equipment, or
may be a network based on a group of such devices.
[0017] As shown in FIG. 1, electronic device 10 may have
control circuitry 16. Control circuitry 16 may include stor-
age and processing circuitry for supporting the operation of
device 10. The storage and processing circuitry may include
storage such as hard disk drive storage, nonvolatile memory
(e.g., flash memory or other electrically-programmable-
read-only memory configured to form a solid state drive),
volatile memory (e.g., static or dynamic random-access-
memory), etc. Processing circuitry in control circuitry 16
may be used to control the operation of device 10. The
processing circuitry may be based on one or more micro-
processors, microcontrollers, digital signal processors, base-
band processors, power management units, audio chips,
application specific integrated circuits, etc.

[0018] Device 10 may have input-output circuitry 18.
Input-output circuitry 18 may include wireless communica-
tions circuitry 20 (e.g., radio-frequency transceivers) for
supporting communications with wireless wearable devices
such as ear buds 24 or other wireless wearable electronic
devices via wireless links 26. Circuitry 20 may include
satellite navigation system circuitry (e.g., Global Positioning
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System receiver circuitry) for making measurements of
geographic location and velocity. Ear buds 24 may have
corresponding wireless communications circuitry 30 for
supporting communications with circuitry 20 of device 10
and, if desired, for making measurements of geographic
location and velocity. In some configurations, ear buds 24
may use wireless circuitry 30 to communicate with each
other directly or through device 10 over wireless links 26.
Devices such as ear buds 24 may also communicate with
devices such as device 10 using wired connections. In
general, the devices that communicate with device 10 may
be any suitable portable and/or wearable equipment. Con-
figurations in which system 8 has wireless wearable devices
such as ear buds 24 are sometimes described herein as an
example.

[0019] Input-output circuitry in device 10 such as input-
output devices 22 may be used to allow data to be supplied
to device 10 and to allow data to be provided from device 10
to external devices. One or more of these input-output
devices may also be included in ear buds 24 and controlled
using control circuitry 28.

[0020] Input-output devices 22 may include buttons, joy-
sticks, scrolling wheels, touch pads, key pads, keyboards,
microphones, speakers, displays (e.g., touch screen dis-
plays), tone generators, haptic output devices such as elec-
tromechanical actuators and vibrators (e.g., piezoelectric
vibrating components, etc.), cameras, sensors, light-emitting
diodes and other status indicators, data ports, etc. The
sensors in input-output devices 22 may include orientation
sensors (e.g., accelerometers, gyroscopes, and/or magnetic
sensors such as compasses), force sensors (e.g., capacitive
force sensors, piezoelectric force sensors, strain gauges,
etc.), touch sensors such as capacitive touch sensors (e.g., in
track pads, displays, or buttons or other stand-alone
devices), infrared proximity sensors and/or other light-based
proximity sensors, capacitive proximity sensors, color-sens-
ing and light-intensity-sensing ambient light sensors, audio
sensors (e.g., diaphragms in microphones), digital image
sensors (e.g., sensors in cameras), range-detection sensors
such as LIDAR (light detection and ranging) sensors, radar,
and echolocation sensors, radio-frequency sensors (e.g.,
circuitry that allows system 8 to gather position information
and/or orientation information based on triangulation tech-
niques, time-of-flight techniques, received signal strength
techniques, etc.), free-space gesture sensors (e.g., camera-
based, laser-scanner based, acoustic, capacitive, etc.), eye
tracking sensors, temperature sensors, gas sensors, particu-
late sensors, humidity sensors, pressure sensors (e.g., to
measure atmospheric pressure), and/or other sensors. A user
can control the operation of device 10 by supplying com-
mands through input-output devices 22 and may receive
status information and other output from device 10 using the
output resources of input-output devices 22. If desired, some
or all of these input-output devices may be incorporated into
ear buds 24.

[0021] Each ear bud 24 may have control circuitry 28
(e.g., control circuitry such as control circuitry 16 of device
10), wireless communications circuitry 30 (e.g., one or more
radio-frequency transceivers for supporting wireless com-
munications over links 26), may have one or more sensors
32 (e.g., sensors of the type that may be included in device
10), and may have additional components such as speakers
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34 and microphones 36. Ear buds 24 may include orientation
sensors 38 (e.g., accelerometers, gyroscopes, and/or com-
passes).

[0022] Sensors 38, which may sometimes be referred to as
accelerometers, may gather data on the orientation of ear
buds 24 dynamically, so that the components of system 8
may measure the orientation of a user’s head when a user is
wearing one or more of ear buds 24. Speakers 34 may play
audio into the ears of a user. Microphones 36 may gather
audio data such as the voice of a user who is making a
telephone call and can detect voice commands. Proximity
sensors in sensors 32 may emit and/or detect light and/or
may include capacitive proximity sensor circuitry to gener-
ate proximity output data based on measurements by capaci-
tance sensors (as examples). Proximity sensors may be used
to detect the presence of a portion of a user’s ear to ear bud
24 and/or may be triggered by the finger of a user (e.g., when
it is desired to use a proximity sensor as a capacitive button
or when a user’s fingers are gripping part of ear bud 24 as
ear bud 24 is being inserted into the user’s ear). User input
such as intentional taps on ear buds 24 may also be detected
using accelerometers (sensors 38) and used in controlled ear
buds 24 and/or host 10.

[0023] Sensors 38 may detect when ear buds 24 are in
motion or are at rest. In some arrangements, information
from sensor 38 can be used to evaluate user performance of
an exercise routine such as a head movement routine (e.g.,
whether a user is satisfactorily following a predetermined
exercise routine such as a head movement routine in which
the user intentionally places their head in various stretch
positions (e.g., head tilted to left, right, forward, or back).
These stretch positions, which may sometimes be referred to
as user head poses, user head tilts, neck stretches, poses, etc.,
may be used to help stretch and relax the muscles in a user’s
upper body.

[0024] Using gyroscope and/or compass circuitry in sen-
sors 38, sensors 38 can also monitor whether a user is
following a predetermined exercise routine in which the
user’s head is rolled, twisted, and/or turned smoothly
through various orientations. When used in combination
with wrist watch devices and other wearable devices on
other portions of a user’s body (e.g., a wrist watch worn on
a user’s arms, legs, etc.) in system 8, system 8 can use ear
buds 24 in detecting more complex user movements (e.g.,
Yoga positions and/or other exercise movements involving
multiple portions of the user’s body). In these configurations
and other configurations for system 8, host electronic device
10 may serve as a master device and ear buds 24 and/or other
wearable electronic devices on the body of the user may
serve as slave devices or other control architectures may be
used (e.g., distributed networks in which the devices in
system 8 serve as peer devices, networks in which ear buds
24 or other wearable devices serve as master(s), etc.).
[0025] Control circuitry in system 8 such as control cir-
cuitry 28 in ear buds 24 and control circuitry 16 of device 10
may be used to run software on ear buds 24 and device 10
and/or other devices in system 8. During operation, the
software running on control circuitry 28 and/or 16 may be
used in gathering sensor data, user input, and other input and
may be used in taking suitable actions in response to
detected conditions. As an example, control circuitry 28
and/or control circuitry 16 may be used in providing a user
with audio exercise routine guidance (e.g., verbal commands
such as “perform left stretch now” or other head pose
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guidance, other audible information such as a sequence of
chimes, etc.) while determining the orientation of a user’s
head and providing feedback based on an analysis of
whether the user is satisfactorily completing a desired exer-
cise routine. Music and other content may also be provided.
In some scenarios, ear buds 24 may be used in handling
other audio information, such as audio signals for cellular
telephone calls. Control circuitry 28 and/or 16 may also be
used in coordinating operation between a pair of ear buds 24
that are paired with a common host device (e.g., device 10),
handshaking operations, calibration operations, and/or other
maintenance and support operations.

[0026] In some situations, it may be desirable to accom-
modate stereo playback from ear buds 24. This can be
handled by designating one of ear buds 24 as a primary ear
bud and one of ear buds 24 as a secondary ear bud. The
primary ear bud may serve as a slave device while device 10
serves as a master device. A wireless link between device 10
and the primary ear bud may be used to provide the primary
ear bud with stereo content. The primary ear bud may
transmit one of two channels of stereo content to the
secondary ear bud for communicating to the user (or this
channel may be transmitted to the secondary ear bud from
device 10). Microphone signals (e.g., voice information
from a user during a telephone call) may be captured by
using microphone 36 in the primary ear bud and conveyed
wirelessly to device 10.

[0027] FIG. 2 is a perspective view of an illustrative ear
bud. As shown in FIG. 2, ear bud 24 may include a housing
such as housing 40. Housing 40 may have walls formed
from plastic, metal, ceramic, glass, sapphire or other crys-
talline materials, fiber-based composites such as fiberglass
and carbon-fiber composite material, natural materials such
as wood and cotton, other suitable materials, and/or com-
binations of these materials. Housing 40 may have a main
portion such as main body 40-1 that houses audio port 42
and a stem portion such as stem 40-2 or other elongated
portion that extends away from main body portion 40-1.
During operation, a user may grasp stem 40-2 and, while
holding stem 40-2, may insert main portion 40-1 and audio
port 42 into the ear. Audio ports such as audio port 42 may
be used for gathering sound for a microphone and/or for
providing sound to a user (e.g., audio associated with a
telephone call, media playback, an audible alert, etc.). For
example, audio port 42 of FIG. 2 may be a speaker port that
allows sound from speaker 34 (FIG. 1) to be presented to a
user. Sound may also pass through additional audio ports
(e.g., one or more perforations may be formed in housing 40
to accommodate microphone 36).

[0028] FIG. 3 is a diagram showing how ear bud 24 may
be worn in ear 52 of user’s head 50. Axis y (and perpen-
dicular axes x and z) form an ear-bud-centric coordinate
system (user’s head frame of reference) that the accelerom-
eter (and/or other orientation sensor circuitry) in ear bud 24
may use in collecting three respective channels of acceler-
ometer data (e.g., x-axis accelerometer signals, y-axis accel-
erometer signals, and z-axis accelerometer signals). As
shown in FIG. 3, when main portion 40-1 of ear bud 24 is
being worn in ear 52, elongated ear bud body 40 (e.g., stem
40-2) may extend along an axis y that is not generally
perpendicular to the surface of the earth. During operation,
control circuitry in system 8 may rotate raw three-axis
accelerometer data to place this data into a neutral coordi-
nate system such as the illustrative X-YZ coordinate system
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of FIG. 3. For example, raw body-frame-of-reference accel-
erometer data such as raw data vector Vr, which includes
three channels of body frame accelerometer data (x, y, z),
may be transformed into neutral-frame-of-reference data
such as neutral frame vector Vn, which includes three
adjusted accelerometer values (X, Y, Z), by multiplying the
body frame vector Vr by a rotation matrix R.

[0029] This transforms the raw accelerometer data Vr into
data Vn for comparison to predefined threshold limits. For
example, when a user’s head is oriented in its normal upright
position along vertical axis Y of FIG. 3, Vn will be equal to
0, 1, 0, because all accelerometer data in the reference frame
will be in the vertical Y axis (perpendicular to the surface of
the earth) and none will be in the horizontal X and 7 axes
(parallel to the surface of the earth). The limits to which the
neutral frame accelerometer data is compared may be, for
example, look-up-table threshold values that define the head
orientations that correspond to various respective head
poses.

[0030] FIG. 4 is a graph of illustrative raw accelerometer
data (x, y, z) during a head movement such as a right head
tilt (right pose). If desired, gyroscope data or other orienta-
tion system data may be gathered to measure the amount
(e.g., a value in degrees or other units) by which a user has
rotated head 50 about vertical axis Y. Compass data may be
used to enhance orientation measurement accuracy, if
desired.

[0031] Illustrative operations involved in calibrating ear
buds 24 to produce rotation matrix R are shown in the flow
chart of FIG. 5.

[0032] Ear buds 24 may be calibrated each time device 10
is powered up, periodically (e.g., according to a predeter-
mined schedule or refresh time period), and/or when other
calibration conditions are satisfied.

[0033] During the operations of block 70, control circuitry
28 may gather accelerometer data with sensor(s) 38 and may
store this accelerometer data in a circular data buffer. The
accelerometer data that is being gathered may be compared
to predetermined threshold values to determine whether ear
buds 24 are in a quiescent state in which the user is not
moving significantly. Control circuitry 28 can conclude that
ear buds 24 and the associated accelerometer data are
quiescent when the accelerometer data is less than the
predetermined threshold values for a predetermined period
of time (e.g., 0.3-1 s, at least 0.1 s, at least 1 s, at least 5 s,
less than 30 s, less than 10 s, or other suitable time). When
the user’s head 50 is stationary or nearly stationary, and
control circuitry 28 determines that ear buds 24 are being
used in a quiescent period (quiescent state), processing can
proceed to block 72.

[0034] During the operations of block 72, the contents of
the circular data buffer can be processed to determine the
average of the accelerometer values in all or part of the
circular data buffer (vector Vr). For example, the x-axis
accelerometer values can be averaged to produce an average
x value, the y-axis accelerometer values can be averaged to
produce an average y value, and the z-axis accelerometer
values can be averaged to produce an average z value. This
average vector corresponds to the expected accelerometer
output when the user’s head is in its normal upright (vertical)
orientation. Vector Vr can be compared to a previously
stored value of Vr to determine whether there is a significant
difference between these values (more than a threshold
amount). If the presently measured value of Vr and the
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stored value of Vr are within the threshold amount, the
stored value of Vr and associated stored value of rotation
matrix R can be retained.

[0035] In response to detecting that the value of Vr that
was produced during block 72 and the stored value of Vr
differ by more than the threshold amount (e.g., the stored
value of Vr is empty because calibration operations are being
performed for the first time or the new and stored Vr values
otherwise differ by more than the threshold), control cir-
cuitry 28 can perform the operations of block 76. During
block 76, control circuitry 28 can compute rotation matrix R
from equations 1, 2, 3, and 4, with angles rotated about the
neutral axis (theta_x, theta_y, and theta_z) from accelerom-
eter data Vr.

R=(R_x)(R_y)(R_2) (6]

R_x=[[1, 0, 0], [0, cos(theta_x), —sin(theta_x)], [0,
sin(theta_x), cos(theta_x)]] 2)

R_y=[[cos(theta_y), 0, sin(theta_y)], [0, 1, 0], [-sin
(theta_y), 0, cos(theta_y)]] 3)

R_z=[[cos(theta_z), —sin(theta_z), 0], [sin(theta_z),

cos(theta_z), 0], [0, 0, 1]] 4
[0036] Inequations 1, 2, 3, and 4, angles theta_x, theta_y,
and theta_z are determined from sensor data Vr and rotation
matrix R is the matrix that rotates data Vr to vector Vn (e.g.,
Vn=RVr) where Vn is a vector (e.g., 0, 1, 0) associated with
a neutral reference frame. (The neutral reference frame may
be characterized by neutral-frame X, Y, and Z axes where the
X-Z plane is parallel to the surface of the earth, whereas the
body reference frame may be characterized by than body-
frame X, y, and z axes where y is directed along the length
of the ear bud housing). The computed value of R can be
stored in storage in control circuitry 28 during the operations
of block 78. During the operations of block 80, control
circuitry 28 can store the newly computed value of Vr in
place of the previously stored value of Vr (e.g., circuitry 28
may update Vr).
[0037] Illustrative operations involved in using system 8
while a user is performing a head stretching exercise are
shown in FIG. 6.
[0038] During the operations of block 82, control circuitry
28 may use sensor 38 (e.g., an accelerometer) to gather raw
accelerometer data Vrd. If desired, filtering operations may
be performed while capturing data Vrd. For example, data
Vrd may be collected by maintaining running averages of
the output of each sensor channel for a predetermined period
of time, thereby averaging out high frequency noise. Raw
data Vrd may be gathered at 100-200 Hz or other suitable
data capture rate.
[0039] During the operations of block 84, control circuitry
28 may apply rotation matrix R to data Vrd to transform
orientation measurement Vrd from the user’s body reference
frame to rotated (calibrated) orientation measurement Vd in
the neutral reference frame (e.g., Vd is set equal to RVrd).
[0040] During the operations of block 86, control circuitry
28 may process data Vd to determine whether a predefined
pose is being performed. A look-up table maintained in
storage in control circuitry 28 or other suitable data structure
or function may be used in analyzing data Vd to determine
whether the head of user has been moved into a position
associated with a desired pose. Consider, as an example, a
scenario in which a user is performing a routine in which the
user is expected to sequentially tilt to the left, to the front,
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to the right, and to the back. Data Vd may fall within
predefined limits associated with a left pose (e.g., a neck
stretch to the left), a front pose (e.g., a forward neck stretch),
a right pose (e.g., a neck stretch to the right), or a back pose
(e.g., a neck stretch in which the user’s head tilts back-
wards). Separate rows in the look-up table may be used in
storing threshold data values in the neutral reference frame
that correspond to each of these poses. By comparing Vd to
the look-up table information, the pose being performed by
the user can be characterized. If, for example, the user’s
head is tilted to the left in a left pose, Vd will fall within the
predetermined accelerometer values (e.g., maximum and
minimum values for each of the accelerometer channels)
associated with a left pose, so the user’s head orientation
may be characterized as a left pose.

[0041] During the operations of block 88, after categoriz-
ing the user’s head orientation by determining which pose is
being performed, the pose that is being performed can be
compared to a desired sequence of poses associated with a
head movement exercise routine. If, for example, the user
was expected to perform neck stretches in a left-forward-
right-backward order, control circuitry 28 may, during the
operations of block 88 determine whether the pose that was
identified during the operations of block 86 falls within the
desired pose sequence and has occurred in a timely fashion.
If a pose is performed unsatisfactorily (e.g., in the wrong
order, at the wrong time, etc.), the user may be provided with
an alert (e.g., negative feedback in the form of an audible
tone indicative of an unsatisfactory pose such as a buzzer
sound, spoken feedback, etc.). Positive feedback such as a
pleasant chime or other positive audio feedback can be
played back to the user with ear buds 24 in the event that
control circuitry 28 determines that the desired pose has
been satisfactorily performed. Head pose guidance may be
provide to a user during the operations of FIG. 6. For
example, control circuitry 28 may use speaker 34 to provide
the user with instructions such as “tilt left now” that serve as
real-time user head pose guidance.

[0042] In evaluating poses during the operations of block
88 to determine whether a predetermined exercise routine is
being performed satisfactorily, control circuitry 28 may
require that the user perform each pose within a predeter-
mined time slot (e.g., in a series of 1 second time slots
accompanied by a 1 Hz sequence of audible coaching
clicks), may require that each pose be performed within a
given time limit following detection of successful comple-
tion of a previous pose (e.g., control circuitry 28 may require
that the forward-tilting pose be performed within 1 s of
successful completion of the leftward-tilting pose, etc.), or
other pose performance criteria may be established. Pose
patterns may involve circular sequences of head poses
and/or other patterns (back and forth, side to side, diagonal,
etc.). As indicated by line 90, processing can loop back to
block 82 after block 88 so that additional accelerometer data
can be captured and analyzed.

[0043] If desired, neck movements can be categorized by
using sensor 38 (e.g., a compass and/or gyroscope in sensor
38) to measure head rotation in addition to or instead of
measuring head tilt. In this way, stretching routines can be
analyzed that involve head rolls and other movements
involving head rotation in addition to head tilts. The opera-
tions of FIGS. 5 and 6 may be performed using control
circuitry 28 of ear buds 24 and/or control circuitry 16 of one
or more devices such as device 10.
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[0044] Other sensors can be used to gather information on
the user’s head orientation and movement if desired. Sensors
in host 10 and/or other devices that are wirelessly commu-
nicating with ear buds 24 and/or host 10 can also be used in
monitoring the movements of the user. For example, wear-
able devices such as wristwatch devices, health bands,
shoes, gloves, and other devices can be used to measure
where the user’s hands, arms, feet, legs, and other body parts
are moving. This allows ear buds 24, host 10, and/or other
equipment in system 8 to determine whether a user is
performing desired yoga poses, is walking or running with
desired characteristics, etc.

[0045] Device 10 or other equipment in system 8 can
provide visual output such as visual pose guidance or other
coaching information that assists the user in performing a
desired routine. For example, a cellular telephone, tablet
computer, desktop computer, television, or other device with
a display may display still and/or moving images illustrating
desired poses (e.g., images showing a real person or a
graphic representation of a person tilting their head to the
left when a left pose is desired). If desired, visual guidance
can be provided using text or other information (e.g., “per-
form left pose now”).

[0046] Feedback may be provided to the user with device
10 in addition to or instead of using ear buds 24 to provide
feedback. For example, a green icon may be displayed when
a pose has been successfully performed and a red icon may
be displayed when a pose has not been successfully per-
formed. Performance grades (e.g., A+) may be provided
when a routine is complete and/or grades or other evaluation
results may be displayed or otherwise provided to a user
during a routine.

[0047] If desired, sensors 38 may include optical sensors.
For example, a camera in ear buds 25 may gather informa-
tion on a user’s environment and can be used to monitor
head movement. Head-mounted LIDAR (on a head-
mounted device 10 and/or ear buds 24), image processing
from external cameras (e.g., a camera on device 10 in system
8), echolocation (sonar), and radio-frequency measurement
techniques may also be used in system 8 to monitor move-
ment of the user. For example, device 10 may emit radio-
frequency signals, acoustic signals, or other signals that are
used in measuring the position of the user’s head or other
body parts. In configurations in which antennas are worn on
the body of the user, radio-frequency triangulation tech-
niques may be used in measuring user movement.

[0048] If desired, user movement during exercise routines
or other activities that involve user movement may be
measured using devices other than ear buds 24 (e.g., devices
that include the circuitry of ear buds 24 in a different form
factor). These devices may include, for example, hats,
helmets, earrings, headbands, glasses, head-mounted dis-
plays, or other headwear with sensors 38. These devices may
also include necklaces, scarves, shirts, jackets, shoes, and
other wearable items. The processing algorithms imple-
mented by system 8 may use sensors such as gyroscopes
and/or compasses (magnetic sensors) to measure head rota-
tion and/or accelerometer data from one or more acceler-
ometers may be processed to measure head rotation (e.g.,
based on inertial measurements). In some configurations, the
control circuitry of system 8 may process images captured
with an external camera or a body-mounted camera. Strain-
gauge measurements and/or other measurements of force
and deformation in an item such as a scarf that is worn
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around a user’s neck may be analyzed to measure head
movement. User commands may be provided using voice,
taps against ear buds 24 that are measured by sensors 38,
button presses, input into device 10 that is relayed to ear
buds 24 wirelessly, and/or using other input command
gathering techniques. In some arrangements, guidance
(coaching) and/or feedback for a routine may be provided
both by ear buds 24 (or other wearable equipment) and
device 10. For example, guidance and/or feedback may be
provided using audio output, visual output, and/or haptic
output in ear buds 24 and/or in device 10.

[0049] FIG. 7 is a flow chart of illustrative operations that
may be used in system 8 to guide a user through a guided
routine such as an exercise routine (movement routine)
while gathering information on the user’s movement, ana-
lyzing the movement, and providing corresponding feed-
back based on evaluation of the movement.

[0050] During the operations of block 92, a user may
launch software in system 8 or otherwise direct system 8 to
begin operations involved in monitoring the user’s perfor-
mance. For example, the user may launch an application on
device 10 (e.g., by selecting an icon on a touch screen
display, clicking on a desktop icon, providing a voice-based
device with a voice command, etc.). If desired, the user may
provide ear buds 24 with a voice command, tap command,
or other input command that launches an exercise routine
application on ear buds 24. The launched application or
other software may run on control circuitry on ear buds 24
and/or device 10.

[0051] Inresponse to user initiation of the exercise routine
application or other user initiation of monitoring operations
in system 8, control circuitry in system 8 (e.g., in ear buds
24 and/or device 10) can provide a user with exercise routine
guidance (block 94). The guidance (coaching) may be
audible, visible, and/or haptic and may involve text, spoken
commands, diagrams, videos, prerecorded audio clips, and/
or other information that helps guide the user through the
routine. For example, the guidance may include an overview
of the goals of the routine, information on suitable prepa-
ration for the routine (e.g., preparatory head movements and
body stance), and real-time guidance such as step-by-step
directions provided during the routine.

[0052] While providing the user with exercise routine
guidance during the operations of block 94, the control
circuitry in system 8 may use sensors 38 and/or other
sensing circuitry in system 8 to gather sensor measurements,
may evaluate this input (e.g., to evaluate user performance
of an exercise routine by comparing user head poses to a
predetermined sequence of head poses associated with the
exercise routine), and may provide corresponding feedback.
The feedback that is provided may be provided by ear buds
24 and/or device 10 and may be audible, visual, and/or
haptic. If no activity is detected, the monitoring and analysis
operations of block 94 may continue.

[0053] If an undesired health condition is detected (e.g.,
the user is determined to be out of breath or in distress) or
if other conditions are detected that indicate that the exercise
should be terminated, suitable actions may be taken during
the operations of block 98 (e.g., an alert may be issued for
the user, exercise guidance may be terminated, etc.).
[0054] Ifitis determined that the exercise routine has been
completed, suitable action may be taken during the opera-
tions of block 96. For example, the user may be provided
with a completed-routine performance report, a performance
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report may be uploaded to an online service (e.g., for sharing
with other members of the service or for private storage), the
user may be provided with tips for future routines (e.g.,
“next time roll slower”), or other information related to the
completion of the exercise routine or other activity of block
94 may be provided to the user.

[0055] The foregoing is merely illustrative and various
modifications can be made to the described embodiments.
The foregoing embodiments may be implemented individu-
ally or in any combination.

What is claimed is:

1. An electronic device, comprising:

a housing;

a speaker in the housing;

an orientation sensor in the housing that is configured to

obtain sensor measurements; and

control circuitry in the housing that is configured to

evaluate user performance of a routine containing mul-
tiple predetermined user head poses based on the sensor
measurements.

2. The electronic device defined in claim 1, wherein the
routine is a head movement routine in which a user inten-
tionally places their head in various stretch positions.

3. The electronic device defined in claim 2, wherein the
various stretch positions include a left head tilt, a right head
tilt, a forward head tilt, and a back head tilt.

4. The electronic device defined in claim 1, wherein the
speaker is configured to provide audible instructions for the
routine.

5. The electronic device defined in claim 4, wherein the
audible instructions comprise verbal commands.

6. The electronic device defined in claim 4, wherein the
audible instructions comprise a chime.

7. The electronic device defined in claim 4, wherein the
speaker is configured to provide audible feedback based on
the evaluation of the user performance.

8. The electronic device defined in claim 1, further
comprising:

wireless communication circuitry that is configured to

wirelessly communicate with additional wireless com-
munication circuitry in an additional electronic device.

9. An electronic device configured to be worn by a user,
comprising:

a housing;

a speaker in the housing that is configured to play audio

into an ear of the user;

an orientation sensor in the housing that is configured to

obtain sensor measurements; and

control circuitry in the housing that is configured to

evaluate user performance of a routine containing mul-
tiple predetermined user head poses based on the sensor
measurements.
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10. The electronic device defined in claim 9, wherein the
routine is a head movement routine in which the user
intentionally places their head in various stretch positions.

11. The electronic device defined in claim 10, wherein the
various stretch positions include a left head tilt, a right head
tilt, a forward head tilt, and a back head tilt.

12. The electronic device defined in claim 9, wherein the
speaker is configured to provide audible instructions for the
routine.

13. The electronic device defined in claim 12, wherein the
audible instructions comprise verbal commands.

14. The electronic device defined in claim 12, wherein the
audible instructions comprise a chime.

15. The electronic device defined in claim 12, wherein the
speaker is configured to provide audible feedback based on
the evaluation of the user performance.

16. The electronic device defined in claim 9, further
comprising:

wireless communication circuitry that is configured to

wirelessly communicate with additional wireless com-
munication circuitry in an additional electronic device.

17. A system comprising:

a first electronic device configured to be worn by a user,

comprising:

a housing;

a speaker in the housing that is configured to play audio
into an ear of the user;

an orientation sensor in the housing that is configured
to obtain sensor measurements;

first wireless communication circuitry; and

control circuitry in the housing that is configured to
evaluate user performance of a routine containing
multiple predetermined user head poses based on the
sensor measurements, wherein the speaker is con-
figured to provide audible instructions for the rou-
tine; and

a second electronic device that is configured to be worn by

the user, comprising:

second wireless communication circuitry that is con-
figured to communicate with the first wireless com-
munication circuitry; and

a display that is configured to provide visual instruc-
tions for the routine.

18. The system defined in claim 17, wherein the visual
instructions for the routine comprise visual pose guidance.

19. The system defined in claim 17, wherein the speaker
is configured to provide audible feedback based on the
evaluation of the user performance.

20. The system defined in claim 19, wherein the display
is configured to provide visual feedback based on the
evaluation of the user performance.
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